Abstract. We correlate the evolution of the mean X-ray flux, emission measure and temperature (Yohkoh SXT & BCS) with the magnetic flux density (SOHO/MDI) in active region NOAA 7978 from its birth throughout its decay, for five solar rotations. We show that these plasma parameters together with other quantities deduced from them, such as the density and the pressure, follow power-law relationships with the mean magnetic flux density (B). We derive the dependence of the mean coronal heating rate on the magnetic flux density. We use the obtained scaling laws of coronal loops in thermal equilibrium to derive observational estimates of the scaling of the coronal heating withB. These results are used to test the validity of coronal heating models. We find that models based on the dissipation of stressed, current-carrying magnetic fields are in better agreement with the observations than models that attribute coronal heating to the dissipation of MHD waves injected at the base of the corona. This confirms, with smaller error bars, previous results obtained for individual coronal loops, as well as for the global coronal emission of the Sun and cool stars. 
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Introduction
The solar corona, at a temperature of above 10 6 K, originates from an important energy supply to the atmosphere. This energy input increases both the temperature and the density of the plasma by orders of magnitude. Most of the present coronal heating models propose that this energy has a magnetic origin; however, no consensus has yet been reached about the physical mechanism by which the magnetic energy is converted into heat. To make further progress, it is important to establish how these physical quantities, whose variations are the consequence of the energy input, relate to the magnetic field.
Scaling laws between coronal plasma parameters and magnetic flux density
We analyze the evolution of plasma parameters as a function of magnetic flux density in active region NOAA 7978 from its birth throughout its decay (Fig. 1) .
We use SoHO/MDI data to derive magnetic observables, as well as Yohkoh/SXT Figure 3 . Ranges for the exponents found for the mean physical parameters in the scaling law equations: parameter ∝B exponent (B: magnetic flux density). H T and H P are the heating rate derived from the observations and the thermal model. For T max and H P two values of α are shown (coronal radiative losses ∝ T α ). The ±3σ error range of a normally distributed statistics is light shaded. The 90% confidence interval of the non-parametric statistics is dark shaded.
and Yohkoh/BCS data to determine the global evolution of the temperature and the emission measure of the coronal plasma at times when no significant brightenings were observed. We find that the mean X-ray flux and derived parameters, temperature, emission measure, density and the pressure of the plasma in the AR follow power-law relationships with the mean magnetic flux density (B) (Fig. 2) . The exponents (b) of these power-law functions (aB b ) are derived using two different statistical methods, a classical least-squares method in log-log plots and a non-parametric method, which takes into account the fact that errors in the data may not be normally distributed. Both methods give similar exponents, within error bars, for the mean temperature and for both instruments (Fig. 3) .
As a next step, we derive the dependence of the mean coronal heating rate on the magnetic flux density. We use the scaling laws of coronal loops in thermal equilibrium to derive four observational estimates of the scaling of the coronal heating withB (two from SXT and two from BCS observations; see Fig. 3 ). These results are used to test the validity of coronal heating models.
Testing coronal heating models
Most coronal heating models give a heating rate per unit volume which can be expressed in the following generic way:
where B is the coronal field strength, L is the loop length, N e is electron density, V is the transverse (horizontal) velocity at the base of the corona, and R is Figure 4 .
Comparison of the heating rate, < H >, versus magnetic flux density,B, scaling law, < H >∝B H , as deduced from observations and models. We show the case for α (exponent for the coronal radiative losses) = 0 and = −2. The horizontal lines are the two exponents ( HT -lighter grey, HP -darker grey) as deduced from our observations. The plotted points with error bars indicate the power-law index Hm predicted by the models (cf. Table 1 ).
the loop radius or the transverse scale length for the magnetic or flow field, depending on the model. The coefficients a through e predicted by a variety of models (Table 1) are given in Mandrini et al., 2000 .
As a proxy of the coronal field B we use the photospheric flux densityB. If we know how L, N e , V, and R depend onB, then the general equation can be written as:
H m ∝B Hm where the exponent Hm is model dependent. The comparison of Hm with the exponents HP and HT , deduced from our observations, lets us test the various models (Fig. 3) .
The dependence of L onB is expressed by L ∝ √ A ∝B A/2 (A is the AR area). The N e dependence has been determined from observations by us. This leaves V and R, for which we adopt two cases. Case (a): the coronal and photospheric quantities are identical, while Case (b) takes into account that the photospheric field is strongly concentrated in thin flux tubes.
Conclusions
Values derived from SXT and BCS observations for exponents HP and HT are very close to 2 (Fig. 3) . This implies that the heating rate per unit volume is simply proportional to the coronal magnetic energy density when it is expressed only in function of the magnetic field strength ! Taking into account the observed fact that the photospheric field is concentrated in thin flux tubes [Case (b)], both the SXT and BCS results are compatible with three groups of models (Fig. 4) : models considering a stochastic build up of energy (1-3), models including current layers (6-8) and models implying MHD turbulence (11-14 and 22) . This result agrees with the independent result of Schrijver & Aschwanden (2002) that constrains the heating mechanisms by & Priest (1995b) comparing the modeling of the X-ray emission of the Sun and cool stars to observations. More details on this project can be found in van and Démoulin et al. (2003) .
